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Alpha-n and Spontancous Fission Sources and Spectra from
Individual Plutonium Isotopes in PuF, and PuQ,

R.T. Perry and W. B. Wilson
Los Alamos National Laboratory
Los Alameos, NM 87545

Introduction

Plutonium-containing compounds vary widely in isotopic content, and as a
result, the dose as function of isotopic content also varics cousiderably,
Determination of the dose from neutrons, decay and capturc gammas from
plutonium in the forin of compounds, thus requires that the spontancous
fission (SF) and alpha-n (o,n) source and spectra from cach individual
isotope be known.

To facilitate dose caleulations from plutonium-containing compounds, we
have calculated the spontaneous fission and (o,n) sources and spectra for
(4 ot cach of the plutonium isotopes in the form of cither PuF, or Put),,
As ' Am is often a component in a mixture of plummum isotopic

compounds, the source and spectra from 1 g of ™'Am mixed with PuF; o

Pu;y has also been determined. Using these results, the neutron souree
and spectea imay be determined for any sample compuosition.

Mecthods

The neutron sources and spectra were ealeulated using, the SOUR(C 18! code
and library. The cade is under development. ‘The code determines (3 .n)
delayed. spontancous tission and (oL,n) neutron sources and specten due (o
the decay of @ radionuclides in homogencous media. Spontancous fission
spectrn are caleulated with evaluated half life, SE branching, and v data
usitge Watl spectruin puetineters [or 43 actinides. The () spectra ae
caleulated with a libeary of nuclide decay alpha specua, evaluated (,n)
eross sections and praduct nuclide level branching teactions, and functional
O stopping cross sections using an assumed isotropic teutron angulay
distribution in the center-ol-mass system,



Resulls

The neutron source strength from spontaneous fission and (. rc.m.lmns
for 1 g of each isotope arc given in Table 1. The alphas from “*'Am are
assumed to slow down in cither Pul’y or PuOa. The source for *"*Pu is
from spontaneous fission alone as this isotope decays only by beta emission.

The combined SF and (a,n) spectra for cach isotope, in the form PuO, or

PuF,, is given in Tables 2 and 3. The first 22 energy groups wrrcspo.ld to
those of the MATXS769 group neutron transport cross section library.?
The broad final group contains so few neutrons as to be insignificant, Buch
spectra is uormalized w lhe total source strength for 1 g of a particular
isotope. The spectra for ' Am are thosce produced from alpha particles

slowing down in either PuQ), or Pul,. The spectra for py ure the
spontancous fission spectra alone.

Conclusion

The absolute source and spectra for any combination of isotopes may be
obtained using the rosults in Tables 1, 2. and 3. This source, specira, and u
coupled noutron-gamama library input into a transport cucle, then, would

provide a method of determining dose from samples of PuQ), or Puldy,
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able 1

Alpha-n and Spentaneous Fission Neutron Source Strength
for Onc Gram of Metal for Plutomum Isotopes in the Form of
PuO, or PuF, and *'Am in PuQ, or PuF,

Spontancous | puQ, PuU, PuF, Pul,
Fisslon alpha-n wotal sourco alpha-n total source
Istope neutront/gm | neutrons/gm | ncurons/gm | neumrons/gm | neuwrons/gn)
Py 2.687E+03 | 1.412E+04 | 1.671E+04 | 2.175E+06 | 2.176E+08
Py 2.181E-02 | 4.013C+01| 4.015E+01| 5.653C+03 | 5.653C+03
Py 1.026E+03 | 1.481E+02] 1.174E+03] 2.091E+04 | 2.194E+04
“Tpu 4.939E-02 | 1.357E+00] 1.406E+00] 1.704E+02| 1.705E+02
py 1.717E+03 | 2.150E+00] 1.719E+03 | 2.696E+02 ] 1.987E+03
py 6.618E-02 | 0.000E+00] 6.618E-02 | 0.000E+00] 6.618E-02
“py 1.900E+03 | 7.631E-03 | 1.000E+03| 7.628E-01 | 1.001E+03
TAm 1.182E+00] 2.817E+03] 2.818E+03] 4.831E+05] 4.331E+05




Table 2

Neutron Spectra Normalized to Total Source Strem.th for
Plutonium Isetopes in the Form of PuO, and **'Am in Pu0O,

Graup Am
Upper Bnergy] 2®pu0, | *ruo, | **Puo, Mpuo, | *woy, | Mo, | o, in w0y
Boundary, neutrons fpeulrons newtrons QMULFONSK nautions aeutrons nowlrons neutrons

MeV petgroup | pergroup | per group grovp | pergroup | pergroup | pergroup | per group

[_1L000E 01 | 5433801 | S.260E04 | 17028401 | 9.9610-04 | 3.11964001 | 7.9960-04 | 1.RO0L01 | 3.4065-02 |
A.06SE+00 | 9.520R+02 | 7.4005-01 | 1L067TE+02 1 1.733R.02 | 1LRO2R+02 | SRIOK-03 | 1503602 1 1.W02E+0?
JOT9EH0_| 6.533IE+03 | 1.6618+01 | 28278402 | §.55113-01 3.70IE«+02 § 1.3731-02 JH2R1402 | 1. 189H4+ON
223ML400 | 52330403 | 129703408 | 2952402 | 4.519B.01 A LI6E402 | 1622002 41060402 1 Y. 2190402
1.3S3R400 | 2.302E¢03 | 6.332B4+00 | 2.125E402 | 2.3RIG-01 | 3. 13M402 § 1.2751-02 | 3767112 | 3.6930+02
£.2108-01 9.679E+02 | 2.324B4+00 | 1.250B+02 } 9.520E-02 | 1.92TE+02 | 7.936E-03 | 2.361E+02 | 13778402
S.000K-0t 4,0R41402 | 8.2701-01 6. 803E+01 | 3.3208-02 I.076L£+02 4.44611.03 132504 | 5,087+ 0L
30250801 1.41310402 | 2.129K-01 3.41T1+01 | 8.4918-03 13.530E+01 _2.285K-0) O80RH+01 T 1 228E:4+08
1, 830K.01 $.994R+01 | 730102 1.673E+01 | 1.349E.03 2.7295+01 | 1.1270.01 VASIRAO | 4. 101H«00
LIIOE-01 ] 27860401 ) 29511-02 | 8.114E+00] 1.8378.03 | 1.320E+01 | SA79H.04 | 1.620H400 ] 1.673H100
O.7.348 02 12856400 | 1287002 KR HLY 6. 77SE-04 6.3920400 | 2.64411 (M4 TR2ATE0 | 7. 2850- Ot
4 08817012 SORMI00 | S.M6E-03 | 1LRSER400 | 29NEN4 | 086400 1 L8704 | VTG00 | 31700
2ATREAD R0 | 240110 | RRVILLO0 1. IR0 4521400 | S 7RIS 1L7750«00 1 1.4041-01
LSO 02 1LASAHA0 | LI96K. 03 | A 188501 G,60811.05 | 6.8BHSE-0) 2.884E-()8 KditH0l 7.1 MH4-C)
RLLIAN) 6. 40214 (1 8. 739004 [.YRS1-O1 3 QTEQ8 J. 2024801 L4421 -05 19851401 Jodabls 02
A,50000% 2869101 2.50114(M4 B, 75488002 1.4 1RE.08 | 4394.01 S.9230.06 . 7588101 1.5881:-02
1 1|°H ﬂ'l | O30 {004 4. 451 H-0? 7. 20RB My 7. 01302 A 012106 R QN800 7 ORIE.O
_L20ie0x 17z 00 1 o0s0n08 | 22500000 1 damaiac T 47 Ta02 1 1sdolio6 | a8azi0) ) d ool |
| A 5l'. ().} :!.HL&’,L*.-(IZ'. 34030505 ] M‘ll‘ 0' 1.8 TREC (M | KM O 1, 168464) 2400000 R RL{ IR
9.0691444 2921102 2.02414-03 H. 780101 1, 44dLi-(}0 1. 4d6l.00 _S.0tol07 . 70018002 1.07001:-01
NGTV (M 7.0201-0% | 6,79311.06 2. 2008.0) N 7N21.07 Y.o741.0n 1. 'i?(ll ()7 o SIMELQY | 45T
LY LS7ARGO | 1. SI0H00 | 4901004 | RAWIOR | 8.S2THO4 | 3650508 | LORLON T 1AW
1.5501:-03 BO041.04 1 8, 1820507 | 717004 | Ad81K-08 | 4343004 ] L7060 | S.J01H.04 ] 5. 382503




Table 3

Ncutron Spectra Normalized to Total Source Strength for
Plutonium Isotopes in the Form of PuF, and **'Am in PuF,
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Group “TAm
Upper Buergy| *pur, | ™pur, “pug, Mpyr, MWpyy, Wpgr, Mpuli, w Pubiy
Boundaty, | newtrons | neuwons | mewrons | nouwrons | neutrons neuwwons | neutrons neutrons

MeV pergroup | pergroup | por group rgroup | pergroup | pergroup | porgroup | per group

1.0008+01 |5.453B+01 | 5.260B-04 1L.T02E4+01 1 94961E-04 | 3119401 ] 7.996E-04 1.800L+01 | 3.A0GE 02
60650400 29060402 | 2.588L-03 | 10391+02 | S, 425L-0% | 13028402 [S.819L.03 ] 1.5020%402 | 1.5130-01
LATIOEH0D {1 RS4G40S5 | 2.73TR+02 | 1.2516+03 | 4.2430+400 | 1.79413402 | 13731302 LR2RE0D | 1.6401 (W
2231E+00 18.0898+08 | 2.046B+03 | 7.8311H+03 | 5.592B+01 | 49920400 11.622H-02 4, 7078402 | 1.601084+03
1.1S3IE+00 | S.803E+0S | L4SIE403 | V.OOSE+03 | 6.354E+01 | 4.1368E402 | 1. 275102 37008402 1 1 1505+05
82100001 29361408 | 7.4300+02 | 2.8550+03 { 2. 7736+01 | 2.36506+02 ] 7.936L.03 ] 2.36Mi+02 | 5.827054 (M4
5.000E-01 ).721E+05 | 3.763B+02 | | 464E+03 | 1.07613+0) | 1.24684+02 |4 446803 L3268+02 | 1.4 168+
J025L-01 IR 1798404 | 19021402 | 7.5420402 | 4.497E+00 | 6.237E+01 | 2.285E5.0 08100401 | 16331404
1.8308-01 JA2EHM ] 97430400 | 3 TK2E02 | 200618400 | 3.044E401 L 127003 LAS4E401 ] 0.6H0H40N
1.1 108-01 1323B+04 |4 1IRE401 ] 1L5S98E+02 | 9.4WK-01 147613401 | 5.47913-04 16295101 ] 2.644H 40}
| 0.73E02 | S 1360400 ] 16258401 ] 6.3891+01__t 4.4400.01 TAROHH0 | 2.6% 14 T.828H+00 | 1.0P8H+0)
AORST02_| 31886403 | 7.026E+00_| 27891401 | 2.061E-0f | 3410K+00 | LISTE-G |4 735H400_| 4.304K102_
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